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TITLE OF THE INVENTION 

INTER -DEVICE COOPERATIVE CONTROL METHOD 



BACKGROUND OF THE INVENTION 

The present invention relates to a distributed 
system in which processors each incorporated in one of a 
plurality of control machines or objects are mutually 
linked in operation, and more particularly to a distributed 
system which is employed in the environment where the state 
of the surroundings of the control machines or the objects 
is continuously changed due to a transfer of a control 
machine or an object, or a change in a control target, and 
in the system, devices each included in or connected to one 
of the control machines or the objects having a function to 
mutually transmit/receive data and a function to perform a 
given process (for example, a function to perform a 
program) are mutually linked based on information on the 
physical environment in which the devices are placed, or 
are locally linked according to conditions based on 
information on their current operations such as what action 
or process each device is performing. 

Since downsizing of semiconductor devices has 
progressed as higher-performance and finer semiconductors 
have been developed, use of a processor having a 
computational capability is not limited to dedicated 



computers but it has been incorporated into all types of 
devices. Furthermore, means for communicating with 
computer systems through these devices are being 
established, as represented by the Internet. A 
communication function which can be used by devices having 
the above communication function or devices in general is 
PHS (Personal Handyphone System) . PHS provides voice 
communications between terminals. A terminal establishes a 
connection with the other terminal by explicitly dialing 
the other terminal's number, which is also used as its 
communication terminal address. In PHS, communication is 
disconnected by sending a termination instruction to a 
terminal . 

A technique for searching a plurality of devices for 
a link target and establishing a link with it is described, 
for example, in IEEE Transaction Computer, Vol. C-29, No. 
12, pp. H04 - 1113 "The Contract Net Protocol: High-level 
Communication and Control in a Distributed Problem Solver". 

SUMMARY OF THE INVENTION 

According to a method described in the above IEEE 
document, a device searching for a link target sends a 
request, and a device which has received the request sends 
an index as a response indicating whether it can process 
the request. The device which has sent the request checks 
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each index it receives, and determines a device to be 
linked. In this technique, however, each device must have 
the ability to estimate an index for each request. 
Furthermore, this technique has given no consideration to 
changes in the operational state of a linked device and 
dynamic changes in an estimated index. As processors have 
become smaller and shown higher performance, they have been 
incorporated in not only dedicated computers but also 
machines and objects which conventionally do not have a 
computational capability. On the other hand, these 
machines and objects each has its control target or role in 
the environment where it exists, and according to changes 
in the control target or the role, each machine or object 
may be moved, replaced with a new purchased one, or changed 
in its composition by assembling or disassembling it. It 
may also be necessary for the machines to change the 
contents of their processing or for the machines and 
objects to be mutually linked to perform a certain purpose. 

The above conventional technique was developed 
mainly for management on the computer side, and therefore 
requires a device functioning as a server for controlling 
the configuration between devices, or a common transmission 
medium needed for searching for a link target. Because of 
this, in order to form a link, a device must search for 
another device having a matching function through a server. 
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and furthermore, it is necessary to install a server that 
is not subjected to any movement or replacement, causing a 
problem in flexible configuration. Another problem is that 
it is difficult to replace a server in the environment in 
which a linked device or a machine having a linked device 
therein operates continuously. This means that it is 
difficult to replace a server according to technical 
advancement or to maintain the server. Furthermore, a 
range in which devices can be linked is limited to a range 
controlled by a server, and therefore, to link devices 
beyond each server control range, a linking mechanism 
between servers or a mechanism integrating a plurality of 
servers is required, resulting in a large and complicated 
mechanism employed on the computer system side. With no 
such a mechanism provided, a server control range must 
coincide with an actual operational control range. However, 
it is very difficult to design a server so that its control 
range will match an actual operational control range. 

To form a link relationship between devices, a 
device provided by the above conventional technique 
communicates with a nearest server selected from among 
severs available such as earth stations, or determines a 
link target based on device specifications obtained from a 
server. Because of this, whether or not to establish a 
link, or which device to select from devices of the same 
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type as a link target is dependent on static information 
such as device specifications. Each control target or 
object to which a link target device is connected differs 
in its control method, role, and importance, depending on 
its position and relative relationship with other devices. 
In the above conventional technique, however, a 
relationship between linked devices is not considered when 
their link is formed, and as a result, a problem arises 
that devices are linked even though their positions are not 
suitable for a link operation, or a device of no use is 
continuously operated. To avoid this, manual maintenance 
or regular maintenance is required, making it impossible to 
sufficiently reduce the user's time and labor, which is a 
purpose of creation of such a linking system. 

Furthermore, since system conditions change with 
time according to the configuration and operational 
conditions of devices constituting the system, or changes 
in environmental conditions, it is often impossible to 
estimate the range of devices which should be linked in 
operation, beforehand. The above conventional technique 
has given no consideration to this uncertain state, and as 
a result, fails to accomplish its intended usability. 

To maintain links between devices, the above 
conventional technique employs a server to manage the 
configuration of devices, and a device with which it has 
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become possible to form a link is registered with the 
server. This causes another problem that when a device 
forms a link and then a more suitable link target appears, 
the device cannot detect the update in configuration. To 
detect a configuration update, it is necessary to wait for 
information provided by a server to be updated and to 
regularly make inquiries about an update to the server, 
which increases a load on the server when the number of 
devices employed in the system has increased. The above 
conventional technique has given no consideration to a 
method for updating links to form a link with a more 
suitable target according to changes in the conditions and 
positions of control targets or objects to which a link 
target device is connected, causing a problem in the 
usability of the system. 

The inventor has recognized that in PHS, described 
above as a conventional technique, a new terminal to be 
added or a terminal excluded from a system must be managed 
by the user from outside the system. Even though PHS 
provides a current terminal position as one of its features, 
it is only used by earth stations for control. In addition, 
PHS employs explicit dialing for controlling a 
communication destination as described above, and therefore 
no physical terminal positions are used. On the other hand, 
the present invention uses physical positions as one of its 
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features . 

In order to achieve the above object described above, 
the present invention provides an inter-device cooperative 
control system and an apparatus therefor in which each 
device can change its operational conditions and the 
operational conditions of other devices linked or to be 
linked with the device based on information on its 
environment including the physical positions of devices, 
and information on device conditions including processes 
and actions being performed by the devices. 

Here, the information on device conditions includes 
how much of a process to be performed by the device or to 
be performed on the device has been finished, or whether or 
not there is any difference between a process to be 
performed by the device or to be performed on the device 
and an actual process being performed, and, if there is any 
difference, the details of the difference. 

The above operational conditions include the 
operational conditions of processing programs of each 
device and the operational conditions of other than 
processing programs. 

In this system, to form a link according to changes 
in the environment and conditions, each device obtains 
information on the environment where it is placed and its 
conditions, and supplies the information to other devices 
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so as to continuously recognize the environment and 
conditions in which the device and other devices are placed. 
Alternatively, each device attempts a link operation in 
response to a link request to determine whether it is 
possible to establish a link at each time point so as to 
change its own operational conditions and the operational 
conditions of other devices accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 show a configuration of a device to which the 
present invention is applied. 

Fig. 2 is a diagram showing a system configuration 
of a first embodiment according to the present invention; 

Fig. 3 is a diagram showing a structure of an 
environment information management table of the first 
embodiment according to the present invention; 

Fig. 4 is a flowchart showing environment 
recognition processing in which each surrounding device is 
detected according to the first embodiment of the present 
invention; 

Fig. 5 is a diagram showing the system configuration 
of a second embodiment according to the present invention; 

Fig. 6 is a diagram showing a structure of map 
information provided by the second embodiment according to 
the present invention; 
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Fig. 7 is a flowchart showing environment 
recognition processing in which each surrounding device is 
detected, according to the second embodiment of the present 
invention; 

Figs. 8(a) and 8(b) are diagrams showing structures 
of a device information storage table and a table storing 
the configurations of processes of a device which can be 
linked to processes of other devices in a profile provided 
by a third embodiment according to the present invention; 

Fig. 9 is a flowchart showing a matching process in 
link control processing according to the third embodiment 
of the present invention; 

Fig. 10 is a diagram showing a system configuration 
of a fourth embodiment according to the present invention; 

Figs. 11(a) to 11(c) are diagrams showing a present 
device condition storage table, an authenticated device 
table, and a matching table in a policy provided by the 
fourth embodiment according to the present invention; 

Fig. 12 is a flowchart showing a matching process in 
link control processing according to the fourth embodiment 
of the present invention; 

Fig. 13 is a time chart showing changes in 
conditions of each device according to the fourth 
embodiment of the present invention; 

Fig. 14 is a diagram showing a data flow between 
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processes in which a device entering the system is detected, 
according to the third embodiment of the present invention; 

Fig. 15 is a diagram showing a data flow between 
processes in which processing programs of devices are 
linked according to the third embodiment of the present 
invention; 

Fig. 16 is a diagram showing a data flow in which 
position information is obtained, according to the third 
embodiment of the present invention; 

Fig. 17 is a diagram showing a configuration of a 
house system to which the present invention is applied; 

Fig. 18 is a diagram showing the concept of the 
system configuration of a fifth embodiment according to the 
present invention; 

Fig. 19 is a diagram showing a structure of a 
dynamic link management table according to the third 
embodiment of the present invention; 

Fig. 20 is a flowchart showing a request 
determination process included in link control processing 
according to the fifth embodiment of the present invention; 

Fig. 21 is a flowchart showing a link target 
selection process included in link control processing 
according to the third embodiment of the present invention; 

Fig. 22 is a diagram showing a system configuration 
of a sixth embodiment according to the present invention; 
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Fig. 23 is a diagram showing a format of a request 
message according to the sixth embodiment of the present 
invention ; 

Fig. 24 is a flowchart showing a request 
determination process included in link control processing 
according to the sixth embodiment of the present invention; 

Fig. 25 is a diagram showing a control system 
configuration to which the present invention is applied; 

Fig. 26 is a flowchart showing environment 
recognition processing in which each device voluntarily 
sends its own device information according to the first 
embodiment of the present invention; 

Fig. 27 is a diagram showing a structure of current 
position information according to the second embodiment of 
the present invention; 

Fig. 28 is a flowchart showing a device 
information/position information distributing process 
included in environment recognition processing according to 
the second embodiment of the present invention; 

Fig. 2 9 is a flowchart showing a surrounding device 
information sharing process included in environment 
recognition processing according to the second embodiment 
of the present invention ; 

Fig. 30 is a diagram showing a data flow between 
processes in which a device leaving the system is detected 
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according to the third embodiment of the present invention; 

Fig. 31 is a diagram showing a data flow between 
processes in which links between processing programs of 
devices are updated according to the third embodiment of 
the present invention; 

Fig. 32 is a flowchart showing a link condition 
monitoring process included in link control processing 
according to the third embodiment of the present invention; 

Fig. 33 is a flowchart showing a policy receiving 
process included in link control processing according to 
the fourth embodiment of the present invention; 

Fig. 34 is a flowchart showing a link updating 
process included in link control processing according to 
the fifth embodiment of the present invention; and 

Fig. 35 is a flowchart showing a device information 
providing process included in link control processing 
according to the first embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows a configuration of a device to which 
the present invention is applied. A device 101 comprises 
environment recognition processing 111 for recognizing the 
environment and determining surrounding devices, 
communication processing 112 for transmitting data to and 
receiving data from other devices, link control processing 
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113 for determining and controlling a link between 
processes of devices, and processing programs 114 for 
controlling devices. 

The environment recognition processing 111 employed 
in a device acquires information on the environment where 
the device exists through a sensor 131, recognizes the 
positional relationship between the device and surrounding 
devices based on the acquired environmental information, 
and supplies the recognition results to the link control 
processing 113. Here, the sensor 131 may be of a type 
which can not only acquire information from the environment 
but also send information around and receive information 
sent as a response so as to actively acquire information. 
Furthermore, by utilizing map information 121 used in the 
environment recognition processing, it is possible to 
recognize the relationship between a device and its 
surrounding devices and determine the surrounding devices. 
To recognize the environment, the embodiments described 
blow provide two methods: one in which only information 
acquired through the sensor 131 is used and the other in 
which information on other devices acquired through the 
communication processing 112 is also used. However, other 
methods may be used to obtain environmental information. 

Information on surrounding devices recognized is 
stored in an environment management table 123. The link 
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control processing 113 compares a profile 122 of a device 
with a profile 122 of another device obtained through the 
communication processing 112, and determines a link target 
device or a link target process based on a policy 124. The 
profile 122 includes data of a device, such as the name and 
type, and information on processing programs of the device, 
forming a base for determining whether or not processes of 
devices should be linked, or whether or not it is possible 
to establish a link, given a current input/output data 
relationship. Information on currently linked devices and 
processing programs are stored in a dynamic link management 
table 125. The processing programs 114 control 
input/output of the information and devices through an 
external input/output unit 132. Here, the external 
input/output unit has a function to control the processing 
programs 114 executed in a device and refer to the output 
values through a man-machine interface such as a liquid 
crystal panel, a keyboard, or a touch panel. It should be 
noted that use of an external input/output unit is not a 
requirement, and some devices have no external input/output 
uni t . 

Fig. 17 is a diagram showing a configuration of a 
house system to which the present invention is applied. 
The figure shows an example of a device system in a house. 
Devices in the house are each connected to one another 
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using such communication media as a video media network 
1711 and an AC power line network 1712. A device 1721 to 
which the present invention is applied is incorporated in 
or connected to each device in the house so that each 
device in the house can be linked beyond a range controlled 
by a computer. A range of linked devices can be determined 
based on physical bounds such as an entire house 1701, each 
floor 1702 (such as an entire second floor) , or a specific 
room 17 03. The range can also be determined based on each 
purpose such as power control or video/audio control. 
Further, the above two methods, that is, use of physical 
bounds and use of each purpose, may be combined to 
determine a range of linked devices. For example, a range 
may be determined for power - controlling a specific room. 
In this system, for example, a refrigerator 1731 is 
temporarily replaced with a refrigerator 1732 for 
maintenance or permanently replaced with a newly purchased 
refrigerator 1732. 

Also, a portable telephone 1733 is moved around by 
its user. Since devices enter or leave a target 
environment as described above, devices included in a range 
of linked devices such as a house, a floor, or a room are 
dynamically changed. 

Fig. 25 is a diagram showing a configuration of a 
control system to which the present invention is applied. 
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In this system, structural components 1772 are carried by a 
conveying vehicle 1771 and processed by a processing 
machine 1773. A device 1721 to which the present invention 
is applied is incorporated in or connected to each piece of 
equipment. The pieces of equipment are each connected to 
one another through a local area network 1761 or an earth 
station controlling radio cells 1762. In this example, 
link ranges are formed based on physical and functional 
bounds, such as an entire factory 1751, a stock area 1752, 
an area 1753 for processing line 1, and an area 1754 for 
processing line 2. In this system, for example, the 
structural components 1772 enter and leave the stock area 
1752 when they are conveyed, while the conveying vehicle 
1771 repeatedly enters and leaves the stock area 1752, 
processing line 1, and processing line 2 in order to convey 
the structural components 1772. Furthermore, the positions 
and configurations of processing lines change as a result 
of reconstruction. Thus, facilities constituting the 
system dynamically change. 
(First Embodiment) 

Fig. 2 is a diagram showing a system configuration 
of a first embodiment according to the present invention. 
Devices 211 through 213 are placed in a room 201. Here, 
the device 212 transmits a presence inquiry signal 221 to 
surrounding devices through an optical communication such 
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as one using infrared rays. The device 212 then receives 
responses from the devices 211 and 213, thereby recognizing 
their existence and positions. Since the walls of the room 
201 shield these inquiry and response signals, devices 
recognized as surrounding devices are limited to those 
inside the room. When a radio communication is used 
instead of an infrared communication, walls having a 
shielding effect against radio waves can be used so as to 
recognize only devices inside the room as surrounding 
devices using the same method as that provided by this 
embodiment . 

Fig. 3 is a diagram showing a structure of an 
environment information management table according to this 
embodiment. Each record is composed of a device name field 
311, a device type field 312, a relative position filed 313, 
and an update time field 314. The device name field 311 
stores the name of a recognized surrounding device. The 
relative position field 313 stores a relative position 
relationship between a device and a surrounding device. 
The update time field 314 stores the last time when a 
surrounding device registered in a record was recognized. 

Fig. 4 is a flowchart showing environment 
recognition processing in which each device scans its 
surroundings to detect surrounding devices according to 
this embodiment. The environment recognition processing 
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according to this embodiment takes the following steps. A 
device sends a presence inquiry signal to inquire whether 
any surrounding device exists through the sensor 131 at 
step 411, and waits for a response at step 412. At step 
412, if the inquiring device receives a response from 
another device or there is no response during a 
predetermined period of time, the processing proceeds to 
the next step 413. Step 413 determines whether there is 
any response, and if there is any response, information on 
the responding device is stored in the environment 
management table 123 at step 414. Here, even when the 
responding device does not have a function to send its own 
information, only returning a mere response signal to the 
sensor, and therefore the inquiring device can only detect 
the presence of some device, the inquiring device assigns a 
unique device name to the responding device, and stores the 
device name in the device name field 311 as well as stores 
a relative distance calculated based on the direction of 
the responding device and the signal intensity, in the 
relative position field 313. If there is no response at 
step 413, the processing proceeds to step 415. 

At step 415, the signal intensity of the sensor for 
detecting a surrounding device is increased, and steps 411 
through 415 are repeated until the signal intensity reaches 
its maximum. Then, the signal intensity is decreased to 
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its minimum at step 416, and the direction is changed at 
step 417 before repeating this processing from step 411. 
It should be noted that even though this embodiment 
illustrates an example in which surrounding devices are 
detected while changing the direction of a sensor, changing 
of the direction at step 415 is not necessary if an 
omnidirectional sensor is used. In this case, a distance 
from a surrounding device is stored in the relative 
position field 313. 

Fig. 35 is a flowchart showing a device information 
providing process included in environment recognition 
processing according to this embodiment. This process flow 
is performed to respond to an inquiry signal sent by the 
processing described in Fig. 4. This process takes the 
following steps. At step 3511, a device waits for a signal 
from its sensor, and when the device receives an inquiry 
signal from another device, the receiving device obtains 
its own name and type from its own profile 122 at step 3512, 
and sends them to the inquiring device at step 3513. 

Fig. 26 is a flowchart showing environment 
recognition processing in which each device voluntarily 
sends its own device information according to this 
embodiment. This processing takes the following steps. At 
step 421, a device waits for a signal from its sensor, and 
from a received signal, the device extracts information on 



20 



the sending device and stores it in the environment 
management table. Then, the processing returns to step 421. 

According to this embodiment, without employing a 
means for globally detecting a device position and a 
relative distance between devices, each device can 
recognize a relative position relationship between devices. 
By utilizing obtained relative positions after converting 
them into addresses by controlling the signal intensity and 
the direction, it is easy to detect surrounding devices 
within a limited range such as within a room within which 
the reach of signals is limited, at a certain distance 
(certain signal intensity) from a device, within a certain 
distance, or outside a certain distance. That is, it is 
possible to determine link target devices without setting 
unique addresses across the entire system. Also, devices 
can recognize each other without installing a dedicated 
server . 

(Second Embodiment) 

According to a second embodiment of the present 
invention, as described below, information on surrounding 
devices are shared and used to recognize a link target 
device . 

Fig. 5 is a diagram showing the system configuration 
of the second embodiment according to the present invention. 
A conveying machine 531 moves on a convey path 541 to carry 
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a material 532 to be conveyed. The conveying machine 531 
is provided with a conveying machine control device 511, 
which is an embodiment according to the present invention. 
The conveying machine control device 511 employs a tracking 
device 521 as the sensor 131 for obtaining environmental 
information in order to measure a position on the convey 
path. Furthermore, the material 532 to be conveyed is 
provided with a convey target discrimination device 512, 
which is also embodied according to the present invention, 
and which employs an ID tag 522 as the sensor 131 for 
obtaining environmental information. Here, the ID tag 522 
has no sensing function and can only store information 
therein. However, when installing the ID tag, the 
conveying machine can write current position information in 
the ID tag so as to use the ID tag as if it functioned as a 
position sensor. The conveying machine control device 511 
has a radio-communication function to read and write ID tag 
information for a material to be conveyed existing within a 
certain distance. The conveying machine control device 511 
can also communicate with a conveying machine control 
device 513 mounted on another conveying machine 533 within 
a certain distance. These radio communications may be 
temporarily interrupted due to influence of an obstructive 
object or noise. 

Fig. 6 is a diagram showing a structure of map 



22 



information 121 held by the conveying machine control 
device 511. Each record is composed of a route number 
field 611, a "point (From)" field 612, an "absolute 
position (From)" field 613, a "point (To) " field 614, and 
an "absolute position (To)" field 615. Each record 
indicates a point and a direction on a convey path on which 
a conveying machine can be moved, and is identified by its 
route number. The "point (From)" is a start point on the 
convey path, while the "absolute position (From)" field 
stores the absolute position of "the point (From)". The 
"point (To) " is a destination point on the convey path, 
while the "absolute position (To) " field stores the 
absolute position of the "point (To) " . 

Fig. 27 is a diagram showing a structure of current 
position information held by the convey target 
discrimination device 512 and the conveying machine control 
device 511. Each piece of current position information 
includes a route number 635, which indicates a section in 
which a conveying machine or a material to be conveyed is 
currently present, a "point (From)" 631 and a "point (To)" 
632, which are the nearest points to the current section, 
an offset 633, which is the offset of a current position 
from the "point (From)", and an absolute position. The 
conveying machine control device 511 obtains and stores 
current position information from the tracking device 512, 
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while the convey target discrimination device 512 obtains 
and stores current position information from a conveying 
machine that carried the device. 

Fig. 7 is a flowchart showing environment 
recognition processing in which surrounding devices are 
detected, according to this embodiment. The environment 
recognition processing according to this embodiment takes 
the following steps. A device receives device information 
and position information sent from another device through 
the communication processing 112 at step 711, and checks 
the information using the map information 121 held by the 
receiving device itself at stet 712. At step 712, the 
receiving device recognizes its own position and the 
position of the sending device on the map, and at step 713, 
the receiving device determines whether the sending device 
is in its neighborhood. Here, what a device's neighborhood 
specifically means is indicated by the following examples: 
On the conveying machine side of this embodiment, if a 
conveying machine finds a device in a section having the 
same route number as that of the current position of the 
machine, the conveying machine determines that the device 
is in its neighborhood. In the case where an ID tag or the 
like which can be used only within a limited 
transmission/reception range is employed, when a device 
receives information sent from another device, the 
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receiving device can determine that the sending device is 
in its neighborhood. When the sending device is in the 
neighborhood of the receiving device at step 713, the 
receiving device stores device information and position 
information on the sending device in its environment 
management table at step 714. It should be noted that a 
device can update device information on another device 
which was registered as its surrounding device in the 
environment management table but is no longer an actual 
surrounding device since the center device has moved. This 
is done by, for example, periodically checking the update 
time field 314 of each stored record, and deleting device 
information which has not been updated for a predetermined 
period of time. 

Fig. 28 is a flowchart showing a device 
information/position information distributing process 
included in environment recognition processing according to 
this embodiment. This process takes the following steps. A 
device obtains its own device name 311 and device type 312 
from its profile, and distributes them along with position 
information acquired from the sensor 131 through 
communication processing at step 721. Then, the device 
waits for a predetermined period of time at step 722 before 
the process is repeated from step 721. When an ID tag, 
which does not have any power source and thereby cannot 
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transmit information on its own, is singly used, on the 
other hand, device information and position information may- 
be sent in link with an event in which a charge wave is 
sent from an ID tag read/write device. 

Fig. 2 9 is a flowchart showing a surrounding device 
information sharing process included in environment 
recognition processing according to this embodiment. The 
environment management table owned by each device is sent 
to other devices, periodically or at the timing of its 
update by broadcasting it via communication media. The 
following process is performed by a receiving device and 
takes the following steps. A device receives an 
environment management table storing surrounding device 
information owned and sent by another device through the 
communication processing at step 731, and then the 
receiving device compares it with its own environment 
management table to update its own environment management 
table at step 732. 

Even though convey paths for conveying machines are 
used as map information in this embodiment, a position 
detection mechanism such as GPS (Global Positioning System) 
may be used. Furthermore, an apparatus employing such a 
system as a car navigation system may be used to detect a 
position on a map. 

According to this embodiment, each device can send 
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position information on its own, and receive position 
information sent from other devices so as to determine the 
relative position of each device using the obtained 
position information. Therefore, each device can recognize 
relative position relationships between devices to 
recognize a link target device without installing a 
dedicated server. Furthermore, even when linked devices or 
link target devices are moved from each other, or no link 
target device has been determined, it is possible to 
recognize or determine a linked device or a link target 
device suitably according to current conditions. 

In addition, a device can send information on 
surrounding devices it recognized to other devices via 
available communication media so that a receiving device, 
including a device having no function to send position 
information on its own, which has received the surrounding 
device information can correct its surrounding device 
information that it was not able to detect properly due to 
a communication fault, or can detect or update information 
on devices which have been moved. 
(Third Embodiment) 

According to a third embodiment of the present 
invention, as described below, links between devices are 
dynamically controlled by utilizing functional information 
and conditional information owned by each device. 
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Fig. 8(a) is a diagram showing a structure of a 
device information storage table included in a profile 122. 
A device information storage table is composed of a device 
name field 811, a device type field 812, and a 
specifications field 813. The device name field 811 stores 
a unique name identifying a device, and the name is used as 
a destination address in communication processing. The 
device type field 812 stores a device type such as a 
conveying machine or a television set as supplemental 
information. The specifications field 813 stores device 
specifications such as a device model and performance. 

Fig. 8(b) is a diagram showing a structure of a 
process configuration storage table included in the profile 
122, storing each process which can be linked to a process 
of another device. Each record is composed of a process 
name field 821, an input interface field 822, an output 
interface field 823, a specifications field 824, and a 
status field 825. The process name field 821 stores a name 
identifying each process in a device. The external 
interfaces of each process are stored in the input 
interface field 822 and the output interface field 823. 
The input interface 822 is used to supply a command or data 
from an external process to an internal process. 

The output interface 823 is used to supply a command 
or data from an internal process to an external process. 
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These interfaces can be specified by use of an IDL 
(Interface Definition Language) to define and identify 
their interface names and arguments. Specifications of 
each process are written in the specifications field 824. 
By using an XML (extensible Markup Language) , for example, 
structured complex information can be stored in this field. 
The status field 825 stores information on the state of 
each process including abnormality, a fault in a control 
target device of a process, and a heavy load condition, and, 
in addition, the field stores connection condition 
information such as a connected device, a connected process, 
and a connected state or a disconnected state. The link 
control processing 113 also utilizes this information to 
determine whether a device should be linked to another 
device . 

Description will be made of schematic data flows 
between processes according to this embodiment. 

Fig. 14 is a diagram showing a data flow between 
processes in which a device entering the system is detected, 
according to this embodiment. In the figure, a device 1402 
enters the system and a device 1401 detects it. While the 
device 1402 transmits a heartbeat message periodically and 
voluntarily through its communication processing 112 (*1) , 
the device 1401 receives this heartbeat message through its 
communication processing 112 and determines whether or not 
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the device 1401 has already received a heartbeat message 
from the device which is transmitting the current heartbeat 
message. If not, this means that the device transmitting 
the heartbeat message has newly entered the system (*2) . 
The heartbeat message includes an identifier specifying the 
device 1402 and the transmission interval. When the device 
transmitting the heartbeat message is a newly detected 
device, the device 1401 performs a policy matching with the 
device 1402, through the link control processing 113 (*3), 
and if the device 1402 is suitable as a link target device, 
the process proceeds to an application profile matching 
process . 

Fig. 30 is a diagram showing a data flow between 
processes in which a device leaving the system is detected 
according to this embodiment. In the figure, a device 1402 
leaves the system and a device 1401 detects it. The device 
1402 transmits a shutdown message at the time of leaving 
the system(*l), and the device 1401 receives this message 
through communication processing, thereby detecting the 
device 1402 leaving. On the other hand, when the device 
1401 cannot receive a heartbeat message periodically sent 
from the device 1402 for a predetermined period of time 
proportional to the interval of the heartbeat message, the 
device 1401 detects that the device 1402 has left the 
system, through time-out processing ( *2 ) . After detecting 
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that the device 1402 has left, if there is a processing 
program 114 linked to a processing program of the device 
1402 which has already left, the device 1401 performs 
termination processing on the processing program 114 
through the link control processing 113 (*3). 

Fig. 15 is a diagram showing a data flow between 
processes in which processing programs of devices are 
linked according to this embodiment. To link its 
processing programs with processing programs in the device 
1402 after recognizing the device 1402, the device 1401 
obtains the configurations of the processing programs in 
the device 1402, and compares them with those of its own 
processing programs to select a matching one as a link 
target (*1) . Alternatively, the device 1401 sends the 
configurations of its own processes to the device 1402 so 
that the device 1402 compares them with those of its own to 
see if there is any matching one as a link target. If 
there are a plurality of potential link target devices, 
such as devices 1403 and 1404 shown in Fig. 15, the same 
processing is performed for them. Then, the device 1401 
establishes a connection with a device determined to be 
linked, and links a processing program of its own and a 
processing program of the connected device (*2). 

Fig. 31 is a diagram showing a data flow between 
processes in which links between the processing programs of 
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devices are updated according to this embodiment. When a 
change occurs in its device conditions, the device 1402 
sends a conditional change notice (*1), and the device 1401 
receives this notice and determines whether links between 
processing programs should be updated (*1). The conditional 
change means that a change occurs in conditions previously- 
checked at the time of forming a link; for example, 
occurrence of a fault in a processing program or a change 
in responsiveness. Furthermore, the device 1402 holds a 
policy specifying its device conditions such as loads and 
currently executable programs and non- executable programs, 
and when these conditions have changed, the device 1402 
also sends a notice. If the device 1403 or 1404 has a 
processing program linked to that of the device 1401, it 
operates in the same way as the device 14 02 does. Then, to 
form a link with another processing program, the device 
1401 performs processing as described above using Fig. 15. 
To continue an existing link, the device 1401 also updates 
the link conditions (*2) . At the time of the above change 
or update, the device 1401 notifies its own processing 
programs of the change or update so that they can perform 
processing such as updating of conditions, disconnection, 
or reconnection ( *3 ) . 

Fig. 16 is a diagram showing a data flow in which 
position information is obtained according to this 
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embodiment. A GPS sensor 1611 may be used as the sensor 
131 for the environment recognition processing 111 to 
obtain absolute position information and position 
information on a map as described in the second embodiment. 

In the case where a card reader 1612 is used, 
relative position information to the card at the time of 
reading the card can be obtained by using information read 
from the card. Furthermore, when a communication medium 
such as PHS which provides position information is used, it 
is possible to obtain position information without 
installing a sensor for that purpose (*3). A device 
constantly updates its position in a system based on 
information of its own and position information on other 
devices obtained as described above (*4). 

Fig. 9 is a flowchart showing a matching process in 
the link control processing 113 according to this 
embodiment. This process takes the following steps. A 
device waits for an event of a conditional change in its 
process or in another device to occur, at step 911, and, 
when the event occurs, determines what type of conditional 
change has occurred, at step 912. In the following 
description of this embodiment, process flows for two types 
of conditional changes are illustrated: a conditional 
change in the present (center) device and a conditional 
change in other (surrounding) devices. A conditional 
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change in other devices means that a new surrounding device 
is detected through environment recognition processing 111, 
or a change occurs in an already detected device. A 
conditional change in the present device means a 
conf igurational or conditional change in a process in the 
present device, which can be detected by receiving a fault 
notice from a processing program 114 or monitoring notices 
from the operating system. Even though only the above 
conditional changes are described in this embodiment, a 
matching process can be performed for other changes which 
occur due to various events such as one in which a user 
explicitly specifies a change. 

When a device detects a conditional change in 
another device at step 912, the device obtains a policy 
from the another device, and compares the policy with its 
own policy to determine whether to form or continue a link 
with the another device at step 914. When the device 
decides not to form a link, the process returns to step 911 
and waits for an event to occur. When the device decides 
to form a link, it obtains the profile of the another 
device in which a change has occurred, from the another 
device itself, at step 915. It should be noted that the 
policy of each device used at step 913 and the profile of 
each device obtained at step 915 may be acquired by issuing 
an inquiry, or having each device periodically transmit 
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them and receiving them. The policy and the profile may 
also be obtained using a method described in Japanese 
Patent Application No. 8-249611 (1996), in which each 
device transmits them only when a change has occurred in 
them, which will be then copied by a receiving device. 

When a device detects a change in its own device 
conditions at step 912, the device updates its profile 
information at step 916. The profile of the device 
obtained at the above steps and the profile of another 
device are compared at step 917, and whether any processes 
can be linked is determined at step 918. According to this 
embodiment, whether or not two processes can be linked is 
determined by checking whether the output interface of one 
process coincides with the input interface of the other and 
status information 825 of each process indicates that the 
process is executable. If there are any processes which 
can be linked, a device stores the combination of the 
process pair in the dynamic link management table, and 
perform processing for linking processes so that the 
processes can transmit data to or receive data from each 
other, at step 919. The processing for linking processes 
binds two processes using a method in which, for example, 
the data- transmitting process obtains an object reference 
to the data -receiving process. When a fault occurs in one 
of the processes, the connection between the processes is 
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disconnected . 

Fig. 32 is a flowchart showing a link condition 
monitoring process included in the link control processing 
113 according to this embodiment. The process takes the 
following steps. A device receives profile information 
periodically transmitted by each device at step 931, and 
checks the status of each linked process at step 932. The 
device determines whether a change has occurred in the 
conditions of each process linked with a process of its own 
at step 933, and when a change has occurred, the device 
notifies the matching process described in Fig. 9 of the 
change at step 934. A change in the conditions of a 
process, here, includes a fault in the process or detection 
of a process more suitable than the process when a process 
is to be selected from a plurality of devices or a 
plurality of processes as described in a fourth embodiment. 

Fig. 19 is a diagram showing a structure of the 
dynamic link management table 125 according to this 
embodiment. Each record is composed of a purpose 
identifier field 1911, a link target field 1912, a "process 
name and interface name of present device" field 1913, and 
a link state field 1914. The purpose identifier field 1911 
stores an identifier of a purpose for which processing 
programs are linked, and in this embodiment, stores a 
record number. The link target field 1912 stores the name 
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of a linked device, the name of a linked process, and the 
name of the interface of the linked process. The "process 
name and interface name of present device" field 1913 
stores the name of a linked process of the present device 
and its interface name. The link state field 1914 stores a 
link state between the processes registered in a record, 
and specifically stores a connection condition such as the 
"linked" state or the "unlinked" state and a performance 
value such as a processing response time. 

Fig. 21 is a flowchart showing a link target 
selection process included in the link control processing 
according to this embodiment. The process takes the 
following steps. A device receives a request from a 
processing program at step 2111, and then searches for a 
record corresponding to the processing program that has 
sent the request in order to select a link target which 
will perform the request at step 2112. As a link target, a 
surrounding device close to the device may be selected by 
obtaining the relative distances of surrounding devices 
from the environment management table, or all devices may 
be selected and allowed to perform processing without 
specifying any particular device. Then, the results of the 
above processing may be used for processing later requests, 
selecting a device which processes a request the fastest. 
For example, the processing responsiveness of a device 
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changes depending on communication conditions and its load. 
To cope with this problem, a plurality of link targets can 
be employed, as described above, so that it is possible to 
flexibly form a link by selecting a device to be linked at 
run time. When a device or surrounding devices move, the 
device can select a nearest surrounding device as a link 
target during execution of a processing program. After the 
above step 2112, the device transmits a process request at 
step 2113, and then receives the processing results from 
another device which has processed the request at step 2114. 
When evaluation results are used for later selections of a 
link target, the device stores the evaluation results in 
the dynamic link management table. After the received 
processing results are supplied to the requesting 
processing program at step 2115, the process flow returns 
to step 2111 at which the process waits for a request from 
a processing program. 

According to this embodiment, each device can form a 
link with another device by utilizing information on the 
environment in which it is placed and process information 
locally managed by each device so that devices each can 
locally perform a matching process with one another without 
installing a dedicated server. Furthermore, each device 
can continuously make a judgement as to whether to form a 
link or whether to continue an existing link using 
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information on the conditions of processes of each device 
so as to flexibly control links with other devices even 
when a change occurs in the conditions of a linked device. 
In addition, a plurality of link targets can be employed 
from which to select one to be linked at run time, or to 
select a processing result from processing results provided 
by a plurality of link targets for more flexible link 
formation . 
{Fourth Embodiment) 

A fourth embodiment according to the present 
invention provides a method for determining surrounding 
devices and processes to be linked based on relative 
position information, which is a type of environment 
information, and conditions of devices. The method is 
described with reference to an example in which a relative 
position between devices and a time limit for a service are 
used to determine a link target device. 

Fig. 10 is a diagram showing a system configuration 
according to this embodiment. A device according to the 
present invention is incorporated in or connected to 
conveying machines 1011 and 1012, materials 1021 through 
1023 to be conveyed, and a processing machine 1013. The 
conveying machines 1011 and 1012 carry the materials 1021 
through 1023 to be conveyed to a stock area 1041 through a 
convey path 1031 as well as carry the materials from the 



39 



stock area 1041 to the processing machine 1013. Each 
conveying machine can carry only one material to be 
conveyed at the same time. Here, there is a time limit for 
each of the materials 1021 through 1023 to be processed by 
the processing machine 1013 after it is placed in the stock 
area 1041. 

Fig. 11(a) is a diagram showing a structure of a 
present device condition storage table included in the 
policy 124 according to this embodiment. A "current 
conditions of present device" field 1111 stores the current 
conditions of the present device according to processing 
results of the processing programs 114. Here, the 
conditions of the present device mean the operating states 
or states of each machine or material, and are indicated by 
the following words or phrases: "conveying", "empty", and 
"reserved" for a conveying machine; and "being conveyed", 
"in stock area", "remaining time until time limit", and 
"being processed" for a material to be conveyed. 

Fig. 11(b) is a diagram showing a structure of an 
authenticated device table included in the policy 124 
according to this embodiment. Each record is composed of a 
"link target device name" field 1121 and a "link target 
device type" field 1122. The "link target device name" 
field 1121 stores the name of a device which can be linked, 
and the "link target device type" field 1122 stores the 
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type of a device which can be linked. Specifically, in 
this embodiment, the "link target device type" field 1122 
stores an identifier indicating each machine type such as a 
conveying machine or a processing machine, or a material 
itself. A record whose "link target device name" field 

1121 is empty and whose "link target device type" field 

1122 stores some value denoting a device type indicates 
that all devices of this type can be linked. This table is 
used in the policy acquisition and comparison process 913 
included in the link control processing 113 described in 
the third embodiment according to the present invention. 

Fig. 11(c) is a diagram showing a structure of a 
matching table included in the policy 124 according to this 
embodiment. Each record indicates a matching condition and 
is composed of a "conditions of present device" field 1131, 
a priority field 1132, a "link target device name/type" 
field 1133, a "link target device conditions" field 1134 
and a "link target device selection condition" field 1135. 
The "conditions of present device" field 1131 of a record 
is compared with the "current conditions of present device" 
field 1111 to determine whether to perform a matching 
process using this record. The "link target device 
name/type" field 1133 stores the name or type of a device 
to be linked, while the "link target device conditions" 
field 1134 stores the conditions of a device to be linked. 



41 



The priority field 1132 stores a number indicating the 
priority of each record, that is, the priority of the 
matching condition included in each record, when there are 
plurality of records having the same value in the 
"conditions of present device" field 1131. The "link 
target device selection condition" field 1135 stores 
conditions used to select the number of devices to be 
linked or a device to be linked itself when there are a 
plurality of link target devices. 

The number of devices to be linked may be one or a 
maximum of two. To select a device to be linked, a device 
which can be linked first or a device at a shortest 
relative distance may be given priority. 

Fig. 12 is a flowchart showing a matching process 
included in the link control processing 113 according to 
this embodiment. A process 921 takes the same flow of steps 
as that described in the third embodiment, including event 
detection, determination of the type of the event detected 
(for the present device or for another device) , and 
comparison of policies when the event is related to another 
device. A change in the conditions of another device in 
this embodiment includes a change (and as a result, 
occurrence of an event) in the current conditions of each 
device described using Fig. 11(a). When the event is 
related to another device, the present device obtains the 
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profile of the another device and compares it with its own 
profile at steps 911 through 917. As a result of the 
comparison, if it is determined at step 918 that the 
another device can be linked, the present device obtains 
its own current conditions from the policy 124 at step 1211, 
and compares the conditions of the another device in which 
the event has occurred, against the matching table included 
in the policy described using Fig. 11(c), at step 1212. If 
the another device satisfies the matching conditions, the 
present device compares it with already linked devices to 
determine whether to change link targets at step 1213. 
This comparison of link target devices is performed by 
referring to the "link target device selection condition" 
field 1135 of the matching table in the policy. 

The present device determines whether to add a 
device to be linked or whether to change an existing link 
based on the link target device selection condition. If it 
is determined that a process of a device should be newly 
bound or changed, the present device terminates the 
existing connection and establishes a new connection with a 
selected process. 

Incidentally, in this embodiment, description was 
made of an example in which a process is activated by an 
event for the present device or another device. Events for 
the present device or other devices may be stored and 
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processing of these events may be performed later, 
periodically. Furthermore, in this embodiment, the present 
device determines whether to change a link each time a 
change in another device is detected. However, the present 
device may wait for a plurality of events in a plurality of 
devices to occur until it makes any judgement. 

Fig. 33 is a flowchart showing a policy receiving 
process included in the link control processing 113 
according to this embodiment. A device receives policy 
information transmitted by each device periodically or each 
time a change occurs in conditions, and obtains the current 
conditions of each device at step 1221. The device informs 
the current conditions of each device to the matching 
process described using Fig. 12 at step 1222. 

Fig. 13 shows time charts showing changes in 
conditions of each device according to this embodiment. 
Time charts 1311 through 1315 show transitions of the 
conditions of a conveying machine 1, materials 1 through 3 
to be conveyed, and a conveying machine 2, respectively, 
and time elapses from top to bottom. The material 1 to be 
conveyed reserves the conveying machine 1 which is not 
currently used, at step 1321. To make the reservation, a 
processing program 114 of the conveying machine 1 linked 
with the material 1 to be conveyed updates the "current 
conditions of present device" field in the policy 124 of 
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the conveying machine to indicate the "reserved" state. 
After that, the conveying machine 2 finishes conveying a 
material to the processing machine and becomes in the 
"empty" state at step 1322. Then, the materials 1 through 
3 to be conveyed detects a change in the policy of the 
conveying machine 2, while the convey machine 2 receives 
the conditions of materials 1 through 3 to be conveyed. 
They perform the matching process described in Figs. 12 and 
33, at step 1323. 

Here, the materials 1 through 3 to be conveyed use 
relative distances as the link target device selection 
condition 1135, and as a result, select the nearer 
conveying machine 2 as a link target. The conveying 
machine 2, on the other hand, establishes a link with 
devices in the order of earlier reception of device 
conditions according to the matching process employed in 
this embodiment. However, since "time limit for 
processing" is specified for the link target device 
selection condition field 1135, the material 1 to be 
conveyed having a shortest time limit for processing is 
finally selected, and then the conveying machine 2 becomes 
in the "reserved state" at step 1324. With this, the link 
between the material 1 to be conveyed and the conveying 
machine 1 is disconnected, and the conditions of the 
conveying machine 1 is changed to the "empty" state by a 
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processing program in the conveying machine 1 at step 1325. 
After that, in a flow of steps similar to the flow of steps 
1323 and 1324, the material 2 to be conveyed and the 
conveying machine 1 form a link, and the conveying machine 
assumes the "reserved" state at step 1326. 

According to a method provided by this embodiment, 
it is possible to form a link between devices without 
employing manual setting or installing a dedicated server. 
Furthermore, by utilizing information on the conditions of 
each device and on the environment in which it is placed to 
determine whether to form a link, it is possible to 
flexibly control links between devices for better linking 
at each time point even in the environment in which the 
conditions and configuration of an entire system change 
with time due to movement of a device or a change in 
operating conditions. 

In this embodiment, description was made of an 
example in which materials to be conveyed are carried to a 
processing machine. However, the above example may further 
include a different process with a different purpose in 
which materials are retrieved using a different time limit, 
still using the method provided by this embodiment in order 
to flexibly link each device at each time point. For 
example, when a fault occurs in the timer of an AV device 
having the function of audio/video timer recording, it is 
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possible to link the AV device with a timer function of 
another device such as a computer or a telephone installed 
in the same house in operation after reconfiguration of the 
system. 

(Fifth Embodiment) 

According to a fifth embodiment of the present 
invention, as described below, when a device cannot 
determine a link target device in advance, each device 
actually operates and feeds back the operation results in 
order to form a link between devices. 

Fig. 18 is a diagram showing the concept of the 
system configuration according to this embodiment. In the 
following description, each numeral indicates an 
illustration in the figure. In this system, there exist a 
plurality of devices 1813, and processing programs of these 
devices are linked in operation based on a user request 
1811 at stage 1812. In this embodiment, these devices are 
linked in operation according to purposes of the user 1851, 
such as "energy- saving operation (Less Energy)" 1821 and 
"amusement (Enjoy)" 1822 forming corresponding groups of 
devices such as the Balancing group 1831 and the 
Coordinating group 1832 respectively as link ranges. 
Processing programs of a device can belong to one of the 
groups as a unit. On the other hand, when a plurality of 
devices collectively operate by forming a subgroup such as 
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the Sound Ctl subgroup 1833, they can collectively belong 
to one of the groups to perform a link operation as a unit. 
Devices operate while transmitting their conditions to one 
another in group 1841. Furthermore, devices may 
tentatively operate to determine how they influence one 
another, and they form a group by linking devices having 
much influence on the group and disconnecting the links 
with devices having little influence on the group. 

Description will be made of a structure of the 
dynamic link management table 125 according to this 
embodiment. The purpose identifier field 1911 stores an 
identifier of a purpose for which processing programs are 
linked, and in this embodiment, stores such an identifier 
as "energy- saving operation (Less Energy)" or "amusement 
(Enjoy)". The link target field 1912 stores the name of a 
linked device, the name of a linked process, and the name 
of the interface of the linked process. The "process name 
and interface name of present device" field 1913 stores the 
name of a linked process of the present device and its 
interface name. The link state field 1914 stores a link 
state between the processes registered in a record, and 
specifically stores a connection condition such as the 
"linked" state or the "unlinked" state. 

Fig. 20 is a flowchart showing a request 
determination process included in the link control 
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processing 113 according to this embodiment. The process 
takes the following steps. A device waits for an operation 
request event to be transmitted by another device or a user 
at step 2011. Upon receiving the operation request, the 
device determines whether any of its own processes can 
process the request at step 2012. In this embodiment, an 
operation request is received as a request for an interface 
of a processing program. For example, the "energy- saving 
mode setting" interface is requested for the purpose of 
energy- saving operation. Naturally, a receiving device can 
analyze a received interface request so as to provide a 
filter to convert the requested interface into a matching 
interface of its own. For example, when a receiving 
lighting device does not have any processing program with 
the "energy- saving mode setting" interface, it can use its 
"turning off half lights" interface after mapping it to the 
"energy- saving mode setting" interface by use of a filter. 

Next, the results obtained at step 2012 is checked 
at step 2013. When the device has a process which can 
process the request, the processing program is executed at 
step 2014. The device stores the request, the name of the 
requesting device, the name of the requesting processing 
program, the name of the interface of the requesting 
processing program, the name of its own processing program, 
and the name of the interface of its own processing program 
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in its dynamic link management table described in Fig. 19, 
at step 2015 . 

According to a method provided by this embodiment, 
by using a mechanism as described above, it is possible to 
tentatively operate each device so as to dynamically search 
for a link target even when a device to be linked cannot be 
specified in advance. When the results of the tentative 
operation do not satisfy a target value, or exceeds a 
target value, fine adjustments can be made to the 
unsatisfactory or exceeding part to meet the purpose. For 
example, in the case shown in Fig. 18, from among devices 
which are activated for the "amusement" purpose, a vacuum 
cleaner may be turned off in adjustment since it is not 
necessary. 

Fig. 34 is a flowchart showing a link updating 
process included in the link control processing 113 
according to this embodiment. This process is activated 
after a processing program is tentatively performed, and 
obtains the results of the tentative processing by the 
processing program at step 2021. Here, the result 
information is obtained through communication processing 
from the device which has transmitted the request, or 
directly obtained through a sensor. Then, the device which 
tentatively performed the processing determines the 
contribution rate of its own process at step 2022 to decide 
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whether to continue the link at step 2023. Here, a 
contribution rate is a degree of contribution which a 
process of a device gives to attaining a purpose. For 
example, for the "energy- saving operation" purpose, a 
contribution rate means the ratio of a power consumption 
reduction made by tentative processing by a process of a 
device, to total power consumption. If a device cannot 
obtain the contribution rate of its linked process, the 
device continues the link. Various algorithms can be used 
to determine whether to continue an existing link. The 
algorithms include comparison of a contribution rate with a 
predetermined constant value, for example, a contribution 
of 10 % or more, and dynamic calculation of a threshold 
level for attaining a purpose. 

When it is determined that the link should be 
continued at step 2023, the link is left as it is, or if 
the link has been invalidated, the link is validated at 
step 2024. When it is determined that the link should not 
be continued, it is invalidated to stop its tentative 
processing, at step 2025. Then, the link updating process 
is repeated from the start. 

By including a feedback process such as one 
described in this embodiment, it is possible to change the 
link relationship described in Fig. 20 according to changes 
in environmental conditions. In a house system, for 



51 



example, since devices in operation change depending on the 
time of day such as when a meal is being prepared or during 
daytime hours when not many people are present or when 
family members gather in the evening, devices to be 
operated for "energy- saving operation" also change 
depending on the time of day. Furthermore, lighting 
devices to be activated also change according to the time 
of day such as the morning time, the daytime, or the 
evening time, and changes in ambient conditions. When the 
energy- saving operation is requested, devices in operation 
may form a link with one another or each device checks the 
request so that the most power - consuming device is turned 
off in control operation. Alternatively, based on the set 
operation priority of each device, devices may be turned 
off in the order of low priority to high. For example, 
when a reserved program is being recorded by a video 
recorder, the video recorder may have high priority. A 
light in an unoccupied room, on the other hand, may have 
low priority. In the energy - saving operation, power 
consumption of a device may be reduced instead of turning 
off the device. Similarly, the volume of a TV set or a 
radio may be turned down, and the intensity of a light may 
be reduced in control operation. 

According to a configuration provided by the present 
invention, a luminous intensity sensor and a light may 
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exchange data with each other for feedback control. This 
makes it possible to reduce the intensity of a light when 
the intensity sensor indicates that the intensity is high 
even though the light is in a currently unoccupied room. 
In an another control system, when a person returns home 
and pushes a start button for this system mounted on the 
porch, lights linked with sensors are turned on in halls 
and rooms as the person passes through. In this system, 
lights may be turned off after the person has passed 
through. Thus, by continuously performing processing 
described in this embodiment, it is possible to link 
devices according to changes in the environment. 
(Sixth Embodiment) 

According to a sixth embodiment of the present 
invention, as described below, when a device cannot 
determine a link target device in advance, the device 
establishes a link with one device after another which can 
be linked in order to form a link relationship. 

Fig. 22 is a diagram showing a system configuration 
of the sixth embodiment according to the present invention. 
The figure shows a configuration of a system employed in a 
house, and the system is composed of rooms 2201 through 
2203. The room 2201 contains a tuner 2231, a video 
player/recorder 2232, and a TV set 2233, which can 
communicate with one another through radio communication 
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2221. The room 2201 also contains a personal computer 2239, 
speakers 2340 and 2341, and an external storage unit 2242, 
each connected to a universal serial bus (USB) 2223. The 
room 2202 contains a refrigerator 2234, an electric oven 
2235, and an electric light 2236 which are connected to one 
another through an AC power line 2222, while the room 2203 
contains an air - conditioner 2237 and an electric light 2238 
which are also connected to each other through the AC power 
line 2222. The TV set 2223 functions as a gateway between 
the radio communication 2221 and the AC power line 2222, 
and similarly, the personal computer 2239 acts as a gateway 
between the AC power line 2222 and the USB 2223. The AV 
devices 2231 through 2233 in the room 2201 are used by a 
user 2211, while devices 2234 through 2236 in the room 2202 
are controlled by a user 2212. Thus, many devices are 
connected by various transmission media in the house. 

This embodiment provides a method in which a user 
can control a system having a configuration with as many 
devices as those in the above example without knowing the 
details of the system configuration. This method can be 
suitably applied to systems having a complex configuration, 
such as the case of the "energy- saving operation" described 
in the fifth embodiment in which a device that should 
perform fall -back operation cannot be specified at the time 
of receiving the request, or a case in which speakers 
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connected to a personal computer are controlled from the 
remote controller of an AV device. 

Fig. 23 is a diagram showing the format of a request 
message according to this embodiment. 

The message is composed of a communication header field 
2311, a "range of target devices" field 2312, a purpose 
identifier field 2313, and an operation target field 2321 
including a target parameter field 2314, a target value 
field 2315, and a current value field 2316. The 
communication header 2311 is used in communication 
processing, and stores information on the address of a 
transmitting device, the address of a destination device, 
and a broadcast address. The "range of target devices" 
field 2312 stores an identifier indicating a range of 
target devices which should receive the request. 

Specifically, the "range of target devices" field 
2312 stores an identifier for a network segment, a room, or 
a building containing target devices. The purpose 
identifier field 2313 stores an identifier indicating a 
request to be relayed from device to device, and the 
purpose identifier is mapped to an interface of a process 
in a device as is the case with the purpose identifier 
described in the fifth embodiment. The target parameter 
field 2314 included in the operation target field 2321 
stores the identifier of a target parameter for the request 
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such as "electric power", and the target value field 2315 
stores a target value for the parameter, such as "100W". 
The current value field 2316 stores a value of the 
parameter obtained when the request has been relayed, for 
example, "30W". For speaker control in which on/off 
control is employed, the target parameter field 2314, the 
target value field 2315, and the current value field 2316 
store, for example, "number of speakers", "2 units", and "0 
unit", respectively. 

Fig. 24 is a flowchart showing a request 
determination process included in the link control 
processing 113 according to this embodiment. The process 
takes the following steps. A device waits for an operation 
request event to be transmitted by another device or a user 
at step 2411. Upon receiving the operation request, the 
device determines whether any of its own processes can 
process the request at step 2412. Here, the judgement as 
to whether there is any process which can preferably 
process the request is made by considering each of the 
following factors: a load on each device and whether or not 
any other device having high priority is in operation, in 
addition to determining whether or not any process has a 
matching interface. When there are a large number of 
devices of a specific type, each of devices of other types 
may intentionally run a dummy load program at random to 
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increase its own processing load so that it cannot accept 
an operating request from outside. This leads to load 
sharing among devices of the specific type and spare 
capacity of each type to be used for handling an unexpected 
event . 

Next, the results obtained at step 2412 is checked 
at step 2413. When the device has no process which can 
process the request, the request determination process 
returns to step 2416. When the device has a process which 
can process the request, the processing program is executed 
at step 2414. The device stores the request, the name of 
the requesting device, the name of the requesting 
processing program, the name of the interface of the 
requesting processing program, the name of its own 
processing program, and the name of the interface of its 
own processing program in its dynamic link management table 
described in Fig. 19, at step 2415. 

Then, the result obtained by executing the 
processing program is reflected in the current value field 
in the corresponding operation target field of the received 
request message at step 2416. In the case where the 
request message is received from a medium such as a USB in 
which a message is sent from one device to another serially, 
the processing result of a device is reflected in the 
current value field by adding the result to the last value 
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in the field. In the case where a broadcast request 
message is received through, for example, radio 
transmission, the processing result of each device 
connected to the medium is put together and reflected in 
the current value field by writing the total value over the 
last value in the field. For the target parameter 
"electric power" in the "energy- saving operation" request 
message, for example, saved electric power obtained by 
changing operation of each device is accumulated in the 
current value field. For the target parameter "number of 
speakers" in the "speaker control" request message, whether 
each device can process the request message is determined 
for the current value field. 

After the current value is reflected at step 2416, 
whether the target value of the request message is met is 
determined at step 2417, and when it is met, the request 
determination process returns to step 2411 waiting for an 
event to occur. When it is not met, on the other hand, 
whether the request message should be forwarded is 
determined at step 2418. If it is determined that the 
request message should be forwarded, the request message in 
which the current value has been reflected at step 2416 is 
transferred at step 2419. Here, in the case of use of a 
USB which employs serial communication, the judgement as to 
whether to forward a request message is made by considering 
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whether or not a next device is available. In the case of 
use of a transmission medium employing parallel 
transmission, such as radio communications, the judgement 
is made by considering whether a device is connected to a 
transmission medium different from that through which a 
request message has been received. In addition, whether or 
not the range of target devices specified in the request 
message is valid in the destination should be checked when 
determining whether to transfer the request message. 

According to this embodiment, even when devices to 
be linked cannot be determined in advance, devices each can 
establish a link with one another which can be lined by 
locally judging its functions, capability, and conditions 
in order to dynamically form links according to conditions. 
That is, links between devices can be formed through local 
operations without sharing information on the functions and 
conditions of each device across the entire system. 
Furthermore, even when there are a large number of devices, 
it is possible to select a specific device to be controlled. 
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j/An inter-device cooperative control method 
wherein each of a plurality of devices having a 
communication function communicates with another device, 
said inter-device cooperative control method comprising the 
steps of: 

providing each of said plurality of devices with 
functional information including at least one of 
information on a function possessed by a device and 
information on a function to be performed on the device, 
environmental information on the environment in which the 
device is located, and status information which indicates 
the progress of at least one of a process performed by the 
device and a process performed on the device; 

obtaining information on a process to be performed 
by said plurality of devices or information on a process to 
be performed on said plurality of devices, this information 
obtaining step being performed by an arbitrary one of said 
plurality of devices; and 

determining a process to be performed by said 
plurality of devices or a process to be performed on said 
plurality of devices based on said obtained information and 
said functional information, said environmental information, 
and said status information, this process determining step 
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being performed by said arbitrary device. 

2. The inter-device cooperative control method as 
claimed in claim 1, wherein pieces of information obtained 
by said arbitrary device are functional information, 
environmental information, and status information on said 
plurality of devices. 

3. The inter-device cooperative control method as 
claimed in claim 1, wherein information obtained by said 
arbitrary device is a request for a process to be performed 
by said plurality of devices or a process to be performed 
on said plurality of devices. 

4. The inter-device cooperative control method as 
claimed in claim 1, wherein said environmental information 
includes position information indicating a position of a 
device . 

5. The inter-device cooperative control method as 
claimed in claim 4, wherein said position information 
includes at least one of an absolute position of the device, 
a relative position of the device to another device, and a 
distance obtained based on a route which can be used by the 
device . 

6. The inter-device cooperative control method as 
claimed in claim 1, wherein said plurality of devices 
operate to perform a predetermined process, said 
predetermined process including changing of conditions of 
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said operation. 

l^yKn. inter- device cooperative control system 
composed of a plurality of devices having a communication 
function, each of said plurality of devices communicating 
with another device, said inter-device cooperative control 
system comprising' 7 : 

storage means for storing functional information 
including at least one of information on a function 
possessed by a device and information on a function to be 
performed on the device, environmental information on the 
environment in which the device is located, and status 
information which indicates the progress of at least one of 
a process performed by the device and a process performed 
on the device, said storage means being owned by each of 
said plurality of devices; 

means for obtaining information on a process to be 
performed by said plurality of devices or information on a 
process to be performed on said plurality of devices, said 
obtaining of information being performed by an arbitrary 
one of said plurality of devices; and 

means for determining a process to be performed by 
said plurality of devices or a process to be performed on 
said plurality of devices based on information obtained by 
said arbitrary device and functional information, 
environmental information, and status information each 
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possessed by said arbitrary device. 

8. The inter-device cooperative control system as 
claimed in claim 7, wherein pieces of information obtained 
by said arbitrary device are functional information, 
environmental information, and status information on said 
plurality of devices. 

9. The inter-device cooperative control system as 
claimed in claim 7, wherein information obtained by said 
arbitrary device is a request for a process to be performed 
by said plurality of devices or a process to be performed 
on said plurality of devices. 

10. The inter-device cooperative control system as 
claimed in claim 7, wherein said environmental information 
includes position information indicating a position of a 
device . 

11. The inter-device cooperative control system as 
claimed in claim 10, wherein said position information 
includes at least one of an absolute position of the device, 
a relative position of the device to another device, and a 
distance obtained based on a route which can be used by the 
device . 

12. The inter-device cooperative control system as 
claimed in claim 7, wherein said plurality of devices 
operate to perform a predetermined process, said 
predetermined process including changing of conditions of 
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said operation. 

K device employed in an inter -device cooperative 
control system in which a plurality of devices communicate 
with one another, said device comprising: 

storage means for storing functional information 
including at least one of information on a function 
possessed by the device and information on a function to be 
performed on the device, environmental information on the 
environment in which the device is located, and status 
information which indicates the progress of at least one of 
a process performed by the device and a process performed 
on the device; 

means for obtaining information on a process to be 
performed by said plurality of devices or information on a 
process to be performed on said plurality of devices; and 

means for determining a process to be performed by 
said plurality of devices or a process to be performed on 
said plurality of devices based on information obtained by 
other devices and functional information, environmental 
information, and status information each possessed by the 
device . 

14. The device as claimed in claim 13, wherein 
pieces of information obtained by the device are functional 
information, environmental information, and status 
information on said plurality of devices. 
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15. The device as claimed in claim 13, wherein 
information obtained by said other devices is a request for 
a process to be performed by said plurality of devices or a 
process to be performed on said plurality of devices. 

16. The device as claimed in claim 13, wherein said 
environmental information includes position information 
indicating a position of a device. 

17. The device as claimed in claim 16, wherein said 
position information includes at least one of an absolute 
position of the device, a relative position of the device 
to another device, and a distance obtained based on a route 
which can be used by the device. 

18. The device as claimed in claim 13, wherein said 
plurality of devices operate to perform a predetermined 
process, said predetermined process including changing of 
conditions of said operation. 
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ABSTRACT OF THE DISCLOSURE 

The present invention relates to a distributed 
system in which processors incorporated in machines and 
objects are mutually linked in operation, and an object of 
the present invention is to provide a distributed system in 
which each device can establish a link with a suitable 
device according to changes in the environment and 
conditions, independently from the system configuration 
controlled by a server. 

In order to achieve the above object, each device 
provided by the present invention obtains information on 
surrounding devices through a sensor 131 or communication 
processing 112, recognizes the environment around it 
through environment recognition processing 111, and stores 
the environmental information in an environment management 
table 123. By employing link control processing 113, each 
device shares conditional information stored in a profile 
122 and a policy 124 of each device through the 
communication processing 112. Each device locally and 
continuously determines a device to be linked with it or 
whether to perform a link operation requested by another 
device, using the shared conditional information, 
information on the surrounding environment, and the policy 
124. The results of a link operation are made public and 
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shared by each device through the link control processing 
113, and used for narrowing the range of link target 
devices . 



FIG.1 



101 



COMMUNICATION 
PROCESSING 



ENVIRONMENT 
RECOGNITION 
PROCESSING 



A 



ENVIRONMENT 
MANAGEMENT 
TABLE 







I — ^1 

SENSOR 







LINK CONTROL 
PROCESSING 



\ MAP "V 
J INFORMATION \) 



PROFIILE 



POLICY 



DYNAMIC LINK 
MANAGEMENT TABLE 



PROCESSING 
PROGRAMS 



131 



.121 
-123 
122 



EXTERNAL INPUT/ 
OUTPUT UNIT 



FIG.4 



^ Start ) 



SEND INQUIRY TO 
SURROUNDING DEVICES 

I 



WAIT FOR RESPONSE 




EXTRACT INFORMATION ON 
RESPONDING DEVICE AND 
STORE IT IN ENVIRONMENT 
MANAGEMENT TABLE 



INCREASE SIGNAL INTENSITY 
BY STEPS UNTIL MAXIMUM 



INCREASE SIGNAL INTENSITY 
TO MINIMUM 



CHANGE DIRECTION 



415 



417 



( E " d ) 



FIG.6 



612 



613 



614 



615 



ROUTE 
NUMBER 



POINT 
(FROM) 



ABSOLUTE 
POSITION 
(FROM) 



POINT 
(TO) 



ABSOLUTE 
POSITION 
(TO) 



FIG.7 



( Start ) 



RECEIVE POSITION INFORMATION 
ON ANOTHER DEVICE THROUGH 
COMMUNICATION PROCESSING 



CHECK POSITION USING MAP 
INFORMATION 



STORE IN ENVIRONMENT 
MANAGEMENT TABLE 



712 




( End ) 



FIG.8 



(a) 



812 



813 



DEVICE 
NAME 



DEVICE TIME 



SPECIFICATION 



(b) 



822 



823 



825 



PROCESS 
NAME 


INPUT 
INTERFACE 


OUTPUT 
INTERFACE 


SPECIFICATIONS 


STATUS 































































FIG.10 



1013 



1021 



MATERIAL 1 
TO BE CONVEYD 



MATERIAL 2 
TO BE CONVEYD 



MATERIAL 3 
TO BE CONVEYD 



PROCESSING 
MACHINE 



CONVEYING 
MACHINE 2 



1012 



(a) 



FIG.11 



CURRENT CONDITIONS 
OF PRESENT DEVICE 



(b) 



1113 



LINK TARGET 
DEVICE NAME 


LINK TARGET 
DEVICE TYPE 











(c) 



1131 



1132 



1134 



1135 



CONDITIONS 
OF PRESENT 
DEVICE 



LINK TARGET 

DEVICE 
NAME/TYPE 



LINK TARGET 

DEVICE 
CONDTIONS 



LINK TARGET 
DEVICE SELECTON 
CONDTION 



FIG.12 

( Start ) 



921 




OF PRESENT DEVICE 



COMPARE OBTAINED 
CONDITIONS WITH MATCHING 
TABLE INCLUDED IN POLICY 



1212 



CHECK ALREADY LINKED 
DEVICES AND SELECT 
DEVICE TO BE LINKED 



PERFORM PROCESS-LINK 
PROCESSING 



( End ) 



FIG.13 



1311 



1315 



CONVEYING MATERIAL 1 MATERIAL 2 MATERIAL 3 CONVEYING 

MACHINE 1 TO BE TO BE TO BE MACHINE 2 

CONVEYED CONVEYED CONVEYED 



EMPTY | 1321 



RESERVED 



IN STOCK AREA 



IN STOCK AREA 



CONVEYING 



IN STOCK AREA 



1322 



RESERVED 



RESERVED 



TIME LIMIT FOR 
PROCESSING 



TIME LIMIT FOR 
PROCESSING 



TIME LIMIT FOR 
PROCESSING 



FIG.14 



Policy mbt. 



(*3)Policy matching 



Application 
profile mgt. 




*1)Periodical/lnitiative sending 



Heartbeat message 



FIG.15 



1401 




Contract 



Application 
binding 



(*1)Search/Selection 
of partner 



(*2)Connection 
establishment 



Contract 



Application 
binding 



Application 



1402 



1404 



FIG. 16 



1611 



GPS 



Card reader 



1 



(1) Physical position 
information 



(2) Relative position 
information 



Interaction mgt. 



(4) Revaluation of position 
in a system, etc. 



(3) Physical position information 



Communication media(e.g., PHS) 

/ 



1613 




■Cohesive element 
^1801 



FIG.19 



1913 



1914 



PURPOSE 
IDENTIFIER 



LINK TARGET 
DEVICE NAME, 
PROCESS NAME, 
INTERFACE NAME 



PROCESS NAME 
AND 

INTERFACE NAME 
OF PRESENT DEVICE 



LINK 
STATE 



FIG.20 

( Start ) 



WAIT FOR EVENT (REQUEST) 




STORE REQUEST 



( End ) 



FIG.21 



Start 



RECEIVE REQUEST FROM 
PROCESSING PROGRAM 



SEARCH DYNAMIC LINK 
MANAGEMENT TABLE 
FOR LINK TARGET 



TRANSMIT PROCESSING REQUEST 



OBTAIN PROCESSING RESULTS 
(STORE EVALUATION RESULTS) 



TRANSMIT OBTAINED 
PROCESSING RESULTS TO 
PROCESSING PROGRAM 



2112 



2113 



2114 



2115 



FIG.22 



,2231 

/ ^ 2232 



2211 

r 



2240 2241 2342 



■iMmjlI RAC 



i mm 



RADIO..---^ — ~s 2221 USB 



Powerline 



2239 



2222 



L PL, 

22oo 
2234 ^^^^ 



2236 



2202 






2203 




FIG.23 




2311 


2312 


2313 2321 


COMMUNICATION 
HEADER 


RANGE OF 
TARGET 
DEVICES 


PURPOSE 
IDENTIFIER 


OPERATION 
TARGET 





TARGET 


TARGET 


CURRENT 


PARAMETER 


VALUE 


VALUE 


2314 


2315 


2316 



FIG.24 

( Start J 



WAIT FOR EVENT (REQUEST) 
I 



SEARCH PROCESSES OF PRESENT DEVICE 
FOR PROCESS WHICH CAN OPERATE 
ACCORDING TO EVENT (REQUEST) 




EXECUTE PROCESSING PROGRAM 



STORE REQUEST 



REFLECT EXECUTION RESULTS 
IN CURRENT VALUE FIELD OF 
REQUEST MESSAGE 




/2417 



YES 



is request 
^satisfied 

[ncT 



WILL REQUEST 
MESSAGE BE FORWARDED ? 
USE SERIAL TRANSFER COMMUNICATION, 
OR FORWARD REQUEST MESSAGE TO DEVICE 
CONNECTED TO TRANSMISSION MEDIUM DIFFERENT FROM 
THAT THROUGH WHICH REQUEST HAS BEEN 
RECEIVED IF RANGE OF TARGET 
DEVICES IS THIS DIFFERENT 
TRANSMISSION 
MEDIUM 

YES 

FORWARD REQUEST MESSAGE 



2418 



NO 



( End ) 



FIG.26 

( Start 













WAIT FOR SIGNAL FROM SENSOR 








EXTRACT DEVICE INFORMATION 
AND STORE IT IN ENVIRONMENT 
MANAGEMENT TABLE 











FIG.27 



635 



634 



ROUTE 
NUMBER 



POINT 
(FROM) 



POINT 
(TO) 



OFFSET 



ABSOLUTE 
POSITION 



FIG.28 



( Start ) 













OBTAIN DEVICE INFORMATION FROM 
PROFILE AND DISTRIBUTE IT ALONG 
WITH POSITION INFORMATION 




1 




WAIT 











( E " d ) 



721 



722 



FIG.29 



( Start ) 



OBTAIN INFORMATION ON 
SURROUNDING DEVICES THROUGH 
COMMUNICATION PROCESSING 




UPDATE ENVIRONMENT 
MANAGEMENT TALE 




( End ) 



FIG.30 




(*3)Notification of 
disconnection 



Application 
profile mgt. 



m 



Application 
binding 



(*2) Secession element detection 



Heatbeat message 



(*1)Reception of shutdown 
or timeout detection 



Shutdown message 



FIG.31 



1401 



(*3)Reset condition, 
disconnect, 
re-connect 




(*1)Notifi cation 
of Change 



COS notification 



^112 



(*2)Renewal of 

connection condition 
New partner selection 



Contract 



Policy notification 




FIG.32 



^ Start ^ 




( End ) 



FIG.33 



( Start ) 













OBTAIN POLICY INFORMATION 




i 




NOTIFY MATCHING PROCESS 
OF POLICY INFORMATION 











( End ) 



FIG.34 



( Start ) 



OBTAIN RESULT INFORMATION 



DETERMINE CONTRIBUTION RATE 
OF PROCESS OF PRESENT DEVICE 



( End ) 



2022 
.2023 



^^^-r^^"^ 2024 

1 YES ^ y 




VALIDATE LINK 




INVALIDATE LINK 



FIG.35 

( Start J 



WAIT FOR SIGNAL FROM SENSOR 

I 



EXTRACT INFORMATION ON PRESENT 
DEVICE FROM PROFILE 



SEND INFORMATION TO INQUIRING DEVICE 



( E " d ) 



3512 



3513 



